The present study was undertaken with a view to evaluate the efficacy of spinach against arsenic (As) induced toxicity in rats during the period between July to October 2008. Thirty six female Long Evans rats (age about 120days; average body weight at day 0 = 154.5g) were randomly divided into three equal groups (n=12) and marked as T 0, T 1 and T 2 groups. Rats of T 0 group were given normal feed and water and kept as control. Rats of T 1 and T 2 groups were given 5mg Sodium arsenite/kg body weight (BW) and 5mg Sodium arsenite/kg (BW) plus spinach extract 100 mg/kg body weight respectively daily for 30 days orally. Four rats from each group were sacrificed at 10 days interval in order to quantitatively determine the As content in liver, lungs and kidney by using Hydride Generation Atomic Absorption Spectrophotometer. Serum glutamate oxaloacetate transaminase (SGOT), serum glutamate pyruvate transaminase (SGPT) and serum creatinine were determined by Autoanalyser. No visible clinical sign were observed in any group of experimental rats except loss of body weight in the spinach treated group. Tissue (lung, liver and kidney) concentration of As was significantly (p<0.01) higher in T 1 group rats compared to that of T 0 and T 2 groups and the highest concentration of As was found in kidney followed by lung and liver in T 1 group rats. After 30 days of feeding, spinach significantly (p<0.01) decreased As from lung, liver and kidney. As intoxication significantly (p<0.01) increased SGOT values but insignificantly decrease SGPT values and spinach treatment improve these condition. There was no significant effect found in serum creatinine level. It can be concluded that feeding of spinach could reduce body burden of As in rats.
INTRODUCTION

Animals
Thirty six adult female non-pregnant apparently healthy Long Evans (Rattus novegicus) rats (age about 120 days and average BW was 154.5g) were collected from the Department of Pharmacology, Bangabandu Sheikh Mujib Medical University, Dhaka. Rats were acclimatized for 15 days in the laboratory for the experiment. The animals were housed in compartmented rectangular metallic cage under standard laboratory conditions (12 h light: 12 h dark, 25 ± 2 0 C and humidity 60 ± 5%).
Experimental trial
The experimental trial was conducted for 30 days. Before giving treatment rats were randomly grouped into 3 equal groups (n=12), denoted as T 0 (control), T 1 (As treated) and T 2 (As plus spinach treated) group. Rats of group T 0 were maintained with normal feed and water ad libitum, which of group T 1 were treated with Sodium arsenite (NaAsO 2 ; MERCK, E.Merck, Darmstadt, Germany) @ 5mg/kg BW orally in drinking water daily. The animals of group T 2 were treated with NaAsO 2 @ 5mg/kg BW plus aqueous extract of spinach @ 100mg/kg BW orally in drinking water daily.
Preparation of treatment materials
Sodium arsenite solution
On the basis of the total body weight of the rats, the required amount of NaAsO 2 for a day (5mg/kg BW) was weighted separately for each group of rats and mixed with the drinking water daily immediate before allocation for drinking for that particular group. Generally, 10 ml drinking water per rat was allotted for mixing NaAsO 2 to make sure that the full amount of NaAsO 2 was taken by the rats. After finishing the drinking of the NaAsO 2 mixed water, normal drinking water was supplemented ad libitum.
Spinach extract and its solution
Freshly harvested spinach was collected from the local market. The roots of spinach were removed by sharp knife then the remaining portion were thoroughly washed several times with tape water and finally with deionized distilled water and the water was removed by keeping on drying cabinet for 2 hours at room temperature. These were kept on a rectangular netted plastic basket for 2 hours to remove washing water. Then, the leaves and soft stalks were separated and chopped into small pieces and kept under an electric fan at room temperature in an air conditioned room for 48 hours then these were dried in an electric oven at 55 0 C until the succulent mass was dried fully. The dried spinach was grinded with an electric grinder and then the grinded mass was sieved with 2mm wire sieve to get fine powder. Fifteen gram of spinach powder was weighed and thoroughly mixed with 1000 ml deionized distilled water and kept for 24 hours at room temperature. After that the solution was filtered using electric filtration unit and kept in a refrigerator as stock spinach aqueous extract until used.
For each group required amount of the spinach extract (100mg/kg BW) was supplied with drinking water (10ml/rat) daily and it was made sure that the full amount of spinach extract was taken by the rats. After finishing the drinking of the spinach extract mixed water, normal drinking water was supplemented ad libitum.
Body weight (BW)
Individual BW of rats of each group were taken on Day 0 (Day 0= immediate previous day of starting treatment), Day 10, Day 20 and finally on Day 30 and the results were recorded.
Sampling
At every 10 days interval (on Day 10, Day 20 and Day 30) 4 rats from each group were randomly selected for sacrifice following chloroform anesthesia. About 5 ml of blood was collected from each rat by cardiac puncture for serum collection for the determination of biochemical parameters (SGOT, SGPT and serum creatinine). Lungs, liver, and kidneys were collected, which were washed with physiological saline and were taken into the respectively pre-marked zipper polythene bags. Serum was separated from collected blood following centrifugation of blood in the next morning and taken into pre-marked Eppendorf tubes. All the organs and serum were preserved at -20 0 C until analysis.
Digestion of samples for detection
Laboratory chemicals used in the digestion and detection of as were trace analytical grade. The digestion of tissue samples was carried out using the acid mixture of concentrated nitric (69%; VWR International Limited, pool, BH 15 1TD, England) plus perchloric acid (70%; Merck, KGaA, Darmstadt, Germany) at the ratio of 9:4 (R). Half a gram of tissue sample was weighed in electric balance and taken individually into each digestion tube. Then 5ml of acid mixture was added to each digestion tube and left overnight at room temperature for predigestion. In the next morning, the digestion tubes were heated in a block digester at 120 0 C for several hours until clear solution appeared. During the heating period the digestion tubes were gently shaken every after half an hour to make the contents homogeneous and to enhance brown fume (nitrous oxide fume) release. After complete digestion, the tubes were removed from the block digester and was left it until cooling, then volume to 50ml and filtered individually with filter paper (Whatman 42) and preserved separately in acid washed 50 ml polyprophylene vial and kept at room temperature until As determination. A blank was prepared in same way.
Preparation of As standard solutions
Arsenic standard solutions were prepared with the As concentration of 0, 5.0, 10.0, 15.0, 20.0 and 25.0 µg/L in 10% HCl in separate 25ml calibrated volumetric flasks from 1000 µg As/L working solution of arsenic pentaoxide (As 2 O 5 ).
Determination of arsenic
Arsenic was detected with Hydride Generation Atomic Absorption Spectrophotometer (HG-AAS; PG-990, PG Instruments Ltd. UK) using AA Win software. Ten percent HCl was used as carrier liquid and 1.5% potassium borohydride plus 0.3% sodium hydroxide solution was used for hydride formation. Reading were taken from the software Excel sheet and calculated on the basis of volume and weight of the sample.
Examination of serum samples
Serum glutamate oxaloacetate transaminase (SGOT), Serum glutamate pyruvate transaminase (SGPT) and Serum creatinine of the collected serum samples were determined by Reflotron® Plus (Boehringer Mannheim, Germany) according to the method described by Deneke and Rittersdorf (1984) and Deneke et al. (1985) .
Statistical analysis
The experimental data were designed in CRD and analyzed statistically using one way ANOVA with the help of the SPSS 11.5 software. Mean comparisons of the treatment were made by the Duncan's Multiple Range Test (DMRT) (Steel and Torrie, 1980) .
RESULTS AND DISCUSSION
At the beginning of the experiment average body weight of the rats was 154.5g and no significant difference was observed among the three groups. After 30 days of treatment the body weight of T 0 (control) and T 1 (As treated) group were increased but there were no significant difference between them and T 2 (As plus spinach treated) group lost its body weight and differ significantly (p<0.01) with that of T 0 and T 1 groups. Highest body weight (199.75g) was found in control group (Table 1) . Increased body weight in T 1 group rats does not meet with the findings of Jun et al. (2008) who found As significantly (p<0.01) decreases the body weight of rats. Significant decrease in body weight in spinach treated group may be due to the presence of any substance in spinach which causes reduced efficiency of food conversion or impaired absorption of food from the gastrointestinal tract or may cause any metabolic defect at cellular level. The actual cause behind increased body in As treated group and decreased body weight in spinach treated group is not clear.
Feeding of As in rats increased As concentrations in lung, liver and kidneys; spinach treatment significantly (p<0.01) lowered As contents in those organs and found effective against As induced toxicity in rats (Table 2) . Significantly increased (p<0.01) levels of As in the lung, liver and kidney of T 1 group rats compared to T 0 and T 2 groups following 30 days feeding of sodium arsenite (5mg/kg BW) were observed. The concentration of As in tissues of T 1 group rats was increasing in trend at different sampling days. From this finding it can be said that tissue retention of As may be increased with the length of exposure period which is agreed with the findings of previous workers (Nasir et al. 2002; Kamaludin and Misbahuddin, 2006 ). They showed that administering As to rats induces significant increase in As accumulation in tissue with the progress of time. This may be due to rate of excretion of As is less than the rate of exposure or As may has the tendency to accumulate in the tissue.
As concentration detected in lung, liver and kidney of As treated group (T 1 ) of which highest accumulation was found in kidney followed by lung and liver (Table 2) which support the findings of Kenyon et al. (2008) they found that tissue As accumulation was greatest in kidney followed by lung, urinary bladder, skin, blood and liver. Which may due to monomethyl arsenous acid and dimethyl arsonous acid, the metabolic product of inorganic As in liver after methylation. These are excreted through kidney and the rate of methylation may be more than the rate of excretion. But Umar (2007) and Marafante (1982) found highest accumulation of As in lung followed by liver and kidney. Significantly (p<0.01) lower level of As was found in lung, liver and kidney of spinach treated group compared to that of As treated group on Day 10, Day 20 and Day 30 ( Table 2 ). This finding supports the result of Umar (2007) who stated that hexan extract of spinach was effective in the removal of As from the As loaded tissues in rats. The values of SGOT were increased significantly (p<0.01) in As treated rats compared to control and spinach treated groups (Table 3 ). There was no significant difference between the values of SGOT of control and spinach treated group. This finding supports with the findings of Jun et al. (2008) who found elevated serum SGOT levels in mice treated with arsenite and arsenate. This indicates that As causes liver injury. Chronic exposure of experimental animals to inorganic As has been shown to produce various liver lesions, including inflammation and oxidative damage, fatty accumulation, parenchymal cell degeneration, hepatic fibrosis and liver proliferative lesions (Mazumder, 2005) . From this findings it may be stated that spinach some how prevent liver injury caused by As. SGPT values were decreasing with the progress of time in all groups. At day 10, SGPT values of As and As plus spinach treated groups differ significantly (p<0.05) with that of control but no significant difference was found on day 20 and 30 ( Table 3) . The results of this study partially agreed with the findings of Richa and Swaran (2005) , who found a significant decrease in SGPT activities and suggested hepatic injury following As exposure.Though the liver plays an important role in metabolic processes and detoxification of many xenobiotics, acute exposures to metal like As may lead this metal to accumulate in the liver and cause pathological alterationsMoreover, cell injury of certain organs like liver leads to the release of tissue specific enzymes into the bloodstream which alters the SGOT and SGPT values. Spinach treatment has shown improvement of liver function. However, long-term detail physiological work on liver function for As and As plus spinach could give more precise information. There was no significant difference observed in the serum creatinine level of all groups of rats throughout the study period (Table 3) . The results of this study was similar with the findings of Roger et al. (2000) , they showed no consistent changes in blood creatinine levels in rats, mice, guinea pigs and hamsters. Blood creatinine is a common tests used to evaluate kidney function. Kidney dysfunction results in decreased creatinine clearance and therefore increases their blood levels.
From previous works it is well documented that micronutrients and antioxidants has significant role in the treatment of chronic As poisoning (Tabassum, 2006; Saha, 2005; Spallholz et al., 2004) . As spinach is a rich source of vitamins, minerals and micronutrients. All of which possess antioxidant properties. Thus, it can be suggested that a combination of vitamins, minerals, antioxidants and other micronutrients could be a novel therapeutic measure for the treatment of arsenicosis. However, exact mechanism of lowering As by treating animals with spinach is yet to known. Further study need to be carried out with spinach extract to ascertain its therapeutic benefits as well as harmful effects in As poisoning.
